A patient with a rupture of the lower trachea and both bronchi is presented. A review of the significant clinical findings is presented, and the anaesthetic management is discussed. The necessity of early bronchoscopy in these patients and the ready availability of experienced medical staff in assessing all severe trauma is emphasized.
INTRODUCTION
Damage to the tracheobronchial tree following closed chest injury is comparatively rare (Richards 1955) . There is very little in the literature concerning the anaesthetists' role in the management of these patients when they present for acute life saving surgery, although the management following late diagnosis and repair are well documented (Boutos 1965 , Cardwell 1946 ).
The following case report enhances our view that prompt diagnosis and successful treatment are only possible when a team of experienced medical personnel are readily available. CASE REPORT At 20.30 hours, a 17 -year-old male was admitted to hospital after a vehicle accident.
Presenting features were persistent coughing, severe dyspnoea, moderate haemoptysis and cyanosis. He was pale and mildly shocked with reduced peripheral perfusion (systolic blood pressure 70 mmHg, central venous pressure 1 cm H 2 0, pulse rate 130/minute). There was a four inch circular bruise on the chest. Gross surgical emphysema involving the face, neck, chest and both upper limbs was present. Despite this, he was fully conscious and reasonably cooperative.
Pneumothorax was diagnosed clinically and underwater seal drains were inserted. Chest X -ray revealed bilateral shallow pneumothoraces. There was severe surgical emphysema in the soft tissues of the left thoracic wall while extensive surgical emphysema was present symmetrically in the soft tissues of the neck. A track of surgical emphysema was also seen down the right chest wall. Mediastinal emphysema was gross with marked lateral displacement of the right upper mediastinal pleural marg-in. Posteriorly there was also lateral displacement of both paravertebral mediastinal pleural reflections ( Figure 1 ). No bony injury was apparent.
Following resuscitation, it was decided to proceed immediately to bronchoscopy.
After sodium thiopentone 150 mg and succinyl dicholine 35 mg, the bronchoscope was easily inserted. Despite moderate bleeding, a tear was seen in the posterior wall of the lower trachea. It was difficult to define the extent of the tear because the patient was intolerant of short periods of apnoea-he developed bradycardia (within 15-20 seconds) which rapidly proceeded to ventricular ectopics then to ventricular tachycardia. Reinflation with 100 per cent oxygen resulted in an immediate return to sinus tachycardia (130/minute). Adequate ventilation could be achieved only by inserting the bronchoscope 3-4 cm into the right main bronchus.
D. ]. MCCLEAVE ET AL. At this stage the diagnosis was that of a posterior tear of the lower trachea probably involving both main bronchi, necessitating urgent surgical repair. The bronchoscope was left in place and the patient breathing spontaneously was transferred to the Operating Suite.
:\naesthesia was induced using oxygen (8 L/minute) and Halothane (:! per cent). This was deliyerC'd to th(' bronchoscope through a !I !l1l11 :\Iagill endotracheal tube \\'ith ih cuff blown up. Anaesthesia was initially maintained with the patient breathing spontaneousl~' \'ia a semi-closed circuit with carbon dioxide absorption. The patient\ colour, pulse, arterial blood pressure, central yenous pressure and electrocardiograph were lllonitored. On induction the patients colour was dusky, pulse rate 140 per minute and systolic blood pressure 60 mmHg. He was operated on in the left lateral position.
As soon as the parietal pleura was opened it was found necessary to control respiration. Alcuronium 10 mg . was administered intravenously. The Halothane concentration was reduced to 1·0 per cent. Two moistened gauze throat packs were used to seal off a slight air leak from around the bronchoscope in order to achieve effective positive pressure ventilation.
A.t operation there was about 500 ml of blood in the right pleural cavity. Macroscopically the lung was contused. Surgical emphysema was present throughout the whole mediastinum. There was a large tear in the posterior wall of the trachea, commencing at the thoracic inlet and extending down to the carina where limbs of the tear extended into both bronchi. On the left side this tear went for approximately 1 ·0 cm, and on the right side it extended to the origin of the right upper lobe bronchus. The mucosa in the area of this tear was absent.
'Yhen the mediastinal pleura was opened, the patient could no longer be adequately ventilated, the gas merely escaping through the opened pleural cavity. Halothane was discontinued at this stage. The hronchoscope was then inserted into the left main bronchus, and it was only when it was thrust deeply into the bronchus that dfcctive ventilation could be achieyed. During the apnoeic inten'al, the patient became deeph' c~'anosed and developed a sinus \lradvcardia.
Once the carinal tear had heen repaired, the bronchoscope was removed and a 9 111111 :\Iagill endotracheal tube was inserted. In order to avoid disruption of the repair, the tube cuff was not blown up--again a pack was used to prevent gas leaking. The defect was repaired using adwntitae and the anterior wall of the oesophagus.
During the operation the patient was given three units of blood and one litre of Hartmann's solution. At the end of the procedure his colour was pink, pulse I :!O/minute and blood pressure 140 111mHg.
It was decided at the end of the operation to give the patient a trial of breathing spontaneously as again there was the problem of possible disruption of the repair by the cuff of an endotracheal cuff, as well as the danger of a possible "blowout" if positive pressure \'entilation was used.
The effects of the Alcuronium were thus re\'ersed with Atropine (1 '2 mg) and N"eostigmille (2·5 mg) and the patient was extubated and given oxygen to breath.
Post operatively the patient coped reasonably well--breathing spontaneously with a Tidal \'olume of 300 ml, and a \'ital Capacity of liOO m!. Oxygen 70 per cent was administered \'la c.1.G. mask and a Puritan humidifier (Blood gas Pa0 2 -58, PaC0 2 -48, pH-7 ·46). Re-expansion of the lung was facilitated by bilateral suction pumps to both underwater seal drains.
Because of the stability of his cardiovascular system, and in order to minimize the risk of developing adult respiratory distress syndrome, he was maintained in a slight negative fluid balance state. Steroids were not given. Adequate analgesia was obtained by small doses of morphine in aliquots of 2 mg intravenously, and by the use of the Entonox apparatus (50 : 50 N20 : 02) intermittently to assist in deep breathing and coughing.
The patient progressed uneventfully and on the seventh day he was transferred from Intensive Care Area.
He was discharged from hospital on the eleventh day.
Over the subsequent nine months the patient has on three occasions required bronchoscopy because of a dry, irritant cough. On each occasion the removal of suture material cured this symptom. Apart from a few areas of granulation tissue about the sutures, no other abnormality was seen. The patient has returned to a normal active life, his only problem being that of breathlessness on severe exercise.
DISCUSSION
This type of injury, although not commonly seen, is one in which an early diagnosis is mandatory if successful results are to be obtained. This requires awareness of the problem, and early recognition of the signs and symptoms.
Severe dyspnoea, cyanosis, persistent cough with haemoptysis and gross surgical emphysema are well documented as being classical features indicative of major airway trauma (Griffith 1949 , Maurer 1965 , Seed 1971 , Battersby 1964 . However, Sirker (1973) has reported a case in which rupture of the cervical trachea presented with no clinical signs, and was only diagnosed after failure to intubate during anaesthesia for a Colles fracture.
An excellent review of 200 cases of trauma involving the tracheobronchial tree was presented by Chesterman and Satangi (1966) . As well as documenting the incidence of clinical features, they also stressed the importance of making an early diagnosis. In their series the overall mortality was 30 per cent-half of these dying within the first hour of injury, whilst of the remainder, 10 per cent succumbed after reaching hospital. Hence the earlier diagnosis is made, the greater the changes of operative success (Griffith 1949) .
It is thus our view that all cases involving chest _ trauma should be seen and clinically assessed by experienced medical personnel. Routine chest x-rays, blood gas studies, and close monitoring are important adjuncts to patient management. It is important also to be aware that damage to other structures and viscera can mask signs and symptoms of damage to the respiratory system (Windsor and Dwyer 1962) . Schonberg (1912) reported that the mechanism of bronchial and tracheal rupture resulted from a crushing force applied to the chest in the presence of a closed glottis. Schrnidt (1960) stated that this type of injury is usually associated with fractures of the bony thorax, although it might not occur in a young person because of more flexible ribs. Numerous other papers and theories have been postulated (Sale 1954 , Richards and Cohn 1955 , Peters 1958 , Lloyd 1958 , Richardson 1968 , Seed 1971 . In this case it was felt that a sudden rise in intratracheal pressure, with a closed glottis, produced an explosion injury of tracheal wall. This was probably compounded by compression between the sternum and thoracic spine to produce distortion and mechanical injury.
Most tears of the tracheo-bronchial tree occur at or near the bifurcation of the trachea and usually involve one or both main bronchi. Isolated tracheal injury is less common (Hood and Sloan 1959, Kinsella and Johnsrud 1947) .
The spectrum of radiological findings ranges from an absence of any abnormality to bilateral pulmonary and pleural signs with mediastinal emphysema. These signs vary according to the extent of the trauma and the time lapse between injury and examination.
An analysis of 66 cases with tracheo-bronchial injury from several different series (Silbiger et al. 1965) revealed that 70 per cent presented with uni-or bilateral pneumothorax, 60 per cent with rib fractures, and 61 per cent with subcutaneous or mediastinal emphysema. In 52 per cent atelectasis of an entire lung developed. Obstructive emphysema proceeding to atelectasis (5 per cent) and haemothorax (6 per cent) were uncommon.
The diagnosis should be suspected when there are fractures in the upper three ribs in adults over 30 years (Chesterman and Satsangi 1966) or when a combination of tension pneumothorax and mediastinal emphysema occurs in the absence of pleural effusion (Dopper 1960) .
As in all cases of major trauma, central venous catheterization is useful in assessing intravenous fluid replacement (Sykes 1963) . Blood loss may be quite extreme if large vessels are torn (Richards 1965) . In such cases, we tend to use the infra-clavicular approach to the subclavian vein as arm veins are not as reliable (Woods 1974) .
Having made the initial provisional diagnosis of ruptured lower trachea, and in the presence of gross surgical emphysema and respiratory distress, bilateral intercostal drains must be inserted.
In situations where tracheo-bronchial injuries are suspected, and where there is associated respiratory distress, it is vital to proceed to bronchoscopy (Hood and Swan 1959 , Battersby and Kilman 1964 , Seed 1973 , Schmidt 1960 , Meredith Brown 1973 . Once the diagnosis had been made, leaving the bronchoscope in situ may be the only method available of providing adequate ventilation. It would have been impossible to have used a double lumen endobronchial tube (CoBins 1973) for the anaesthetic, as not only was selective bronchial intubation impossible, but also its insertion would have been difficult and probably may have produced further damage. However, the use of these techniques has been weB documented (CoBins 1973) .
This patient had macroscopic bruising to both lungs, hence the risk of developing adult respiratory distress syndrome was very high (Petty 1971 , Dowd 1972 . It is thus important in such cases that fluid overload be avoided, and as is our current practice, provided the patient has an adequate circulating blood volume and renal function, to maintain a slight negative fluid balance. The possibility of oxygen toxicity being a contributing factor in this syndrome must also be remembered. Although steroids may be a useful prophylactic adjunct (Clements 1965 , Ashbaugh 1967 , Eiseman 1968 , it was felt that in view of the precarious nature of the repair, the steroid anti-inflammatory and effects on healing, the use of steroids was not justified in this case.
In recent months we have revised our methods of providing analgesia for chest injuries and thoracotomies. Although intermittent nitrous oxide and oxygen supplemented by morphine provided adequate pain relief in this case, it is our current practice to employ continuous thoracic epidural analgesia (Gibbons 1973) .
